A revision of Caloplaca aurantia and C. flavescens in the Czech Republic is provided. Both species are confirmed from the territory; their distribution is reviewed and their ecological demands commented upon. Morphological investigations have confirmed the structure of the cortex and shape and colour of the lobes as the best diagnostic characters of both species; the thickness of the cortex has been found to be another useful character. Nomenclatural confusions regarding both species are discussed and clarified.
INTRODUCTION
The Caloplaca aurantia group, characterised by the unique, lemon-shaped ascospores and conspicuous, lobate thalli, currently represents a small group of six saxicolous species: C. aegaea Sipman, C. aurantia (Pers.) Hellb., C. flavescens (Huds.) J.R. Laundon, C. fuerteventurae van den Boom & Etayo, C. scrobiculata H. Magn. and C. thallincola (Wedd.) Du Rietz. C. aurantia and C. flavescens grow on both inland and maritime calcareous rocks throughout the mild-temperate to subtropical zone of the Old World (e. g. Nordin 1972, Wasser and Nevo 2005) .
MATERIAL AND METHODS
Fourty specimens from the Czech Republic and some reference samples from other countries were used for detailed morphological investigations (specimens in bold in the studied material); these specimens are deposited in private herbaria of the first author, D. Svoboda and Z. Palice and the herbarium CBFS. Seven selected quantitative characters were measured: lobe length (from tip to the closest apothecium), maximum lobe width, cortex thickness, length and width of ascospores, width of ascospore septa, and conidium length. Ascospore length / width ratio and ascospore length / septum width ratio were calculated. The characters were measured with a dissecting microscope and light microscope (magnification 1000×). Sections for examination were cut by hand and all structures were measured with an accuracy of 1 μm in water. Measurements are given as (min.-) X ± SD (-max.) , where X = mean value, SD = standard deviation and min./max. = extremes. Ten measurements of each character for 20 specimens of each species were carried out (= 200 measurements), except for lobe length and size of ascospores in C. flavescens, where n = 170 and 190, respectively. Qualitative charac-ters such as colour, shape of lobes, presence of crystalline layer in cortex and surface structure were also recorded. A JEOL 6300 scanning electron microscope was used for a detailed study of the cortex structure.
Distributional data of both species in the Czech Republic were gathered from recent field surveys, herbarium specimens (PRM, PRC, CBFS, and the private herbaria of D. Svoboda, Z. Palice and A. Vězda) and the literature (Ginzberger 1913; Kovář 1908; Kuťák 1911 Kuťák , 1914 Podpěra 1928; Servít 1910 Servít , 1911 Servít , 1930 Suza 1913 Suza , 1914 Suza , 1921 Suza , 1925 Suza , 1933 Suza , 1935 Suza , 1943a Suza , 1943b Suza , 1947 Vězda 1955; Vězda and Gruna 2000; Svoboda 2007) . Distribution maps were drawn using the DMAP mapping software (Morton 2001). S h o r t d e s c r i p t i o n . Thallus matt, light yellow-white to dull orange. Marginal lobes long, mostly flattened for their whole length. Thallus often faintly pruinose on older parts of lobes, rarely strongly pruinose in thallus centre. Cortex paraplectenchymatous, thinner than in C. flavescens, without a crystalline layer (Fig. 3) . Ascospores lemon-shaped, slightly wider and shorter with less pointed apices than in C. flavescens. For quantitative characters see Table 1 .
RESULTS

Caloplaca aurantia
Va r i a b i l i t y. The lobes in C. aurantia are usually flattened along their whole length, but rarely slightly convex, particularly when overgrowing thalli of other lichens. The thallus has many colour forms: typically, it has dull orange-coloured margins, often with a few narrow alternating zones of lighter (± pale yellow) and darker (± yellow-orange) strips towards the centre. Individuals with lighter lobe tips and a darker centre of thallus exist, as well as wholly orange-yellow to orange forms. Forms with an almost white pruinose centre and light yellow margins are also known. Dark clusters of cyanobacteria sometimes occur at the surface in the thallus centre.
C h e m i s t r y. Thallus and apothecia K+ (purple), chemosyndrome A 3 (Søchting and Lutzoni 2003) .
E c o l o g y. C. aurantia is restricted to natural habitats in limestone areas in the Czech Republic, but outside the territory, it also grows on other calcareous rocks and building materials, including mortar and concrete. It is considered to be a nitrophilous, heliophilous, thermophilous and xerophilous species preferring slightly inclined surfaces with southern exposition, and occasionally it is found on vertical surfaces with other expositions. D i s t r i b u t i o n i n t h e C z e c h R e p u b l i c . The species only occurs in the warmest regions of South Moravia (Fig. 1) and is absent from the xerothermic limestone area in central Bohemia (Bohemian Karst) as already pointed out by Suza (1935 Suza ( , 1943b Suza ( , 1947 . It is rather abundant in the Pavlovské vrchy Hills where it has been recorded (as Caloplaca / Gasparrinia callopisma) since the beginning of the 20 th century (Kovář 1908; Ginzberger 1913; Podpěra 1928; Suza 1913 Suza , 1921 Suza , 1925 Suza , 1943b . A recent field survey revealed a new locality on soft tertiary limestone at Sedlec, close to Pavlovské vrchy Hills. Another three populations are situated at the rim of the south-Moravian xerothermic vegetation region; two of them have been confirmed by the recent field survey, but one is extinct. In the Podyjí National Park it grows on the Moravian side of the Dyje River valley on several crystalline limestone outcrops in the vicinity of the Austrian Hardegg (Suza 1933 (Suza , 1943b (Suza , 1947 Vězda and Gruna 2000) . The locality on Stránská skála Hill at the periphery of Brno (Suza 1914 (Suza , 1925 (Suza , 1943b (Suza , 1947 is rather small and the lichen grows there unusually also on Nfaced rocks. The most outlying population at Čebínka Hill near Tišnov, already cited by Servít (1910) and Suza (1925 Suza ( , 1943a Suza ( , 1943b Suza ( , 1947 , is extinct and was probably destroyed by a large limestone quarry on the southern slope of the hill. During the revision of Suza's specimens, it was discovered that he wrongly identified the specimens of C. aurantia from the last three localities as C. aurantia var. intermedia (= C. flavescens), except for Servít's sample from Čebínka Hill, which was identified as C. callopisma by Suza, but he doubted his determination.
The records of C. callopisma from the Bohemian Karst by Servít (1911) , Bayer, Hora and Pejška (unpublished specimens in PRM) are erroneous and refer to C. flavescens. The record of C. (G.) callopisma from Vápenný Podol in the Železné hory Mts. (Kuťák 1911 (Kuťák , 1914 ) is also incorrect since its voucher (PRM 763079, sub G. callopisma) represents C. saxicola (Hoffm.) Nordin. Vězda (1955) mentioned C. aurantia from a paved, artificial bank of the river Bečva in Vsetín. Its occurrence at this locality is rather improbable (we did not confirm this occurrence in 2006), because it is an anthropogenic site in a relatively cool region, far from any natural limestone outcrops. However, the voucher specimen (if it exists) has not been seen.
M a t e r i a l s t u d i e d
Material used for detailed morphological investigations is in bold. The sample data are in their original wording on voucher labels or with small modifications. UKRAINE: C r i m e a n P e n i n s u l a -Ad rupes calcareas frequentissima prope Sebastopolin, in peninsula Taurica chymatous, with a continuous layer of hyaline crystals, while in C. aurantia it is thinner and crystals are absent (Fig. 3) . Ascospores lemon-shaped, slightly narrower and longer with more pointed apices than in C. aurantia. For quantitative characters see Table 1 .
Va r i a b i l i t y. The marginal lobes are usually convex, but in some cases they are almost flattened at their tips. The thallus surface is usually single-coloured, never zonate, orange, orange-yellow to pale yellow; sometimes the tips of lobes can be lighter. Central parts of the thallus may be white due to absence of anthraquinone pigments, or the centre dies off with age. Furthermore, the apothecia may be rare and the thallus is covered by small, flat lobules or pustules in the centre of old specimens.
C h e m i s t r y. Thallus and apothecia K+ (purple), chemosyndrome A (Søchting 1997) .
E c o l o g y. The species possesses almost the same ecology as C. aurantia, but there are some differences: it is more frequent not only on pure limestone but also on other calcareous or alkaline rocks and artificial substrata such as concrete, mortar, roofing tiles and monuments, and very rarely on the dusty bark of trees near quarries (Laundon 1992) . The occurrence in the Czech Republic is, however, restricted to natural habitats, similarly to C. aurantia. There is an evident tendency to grow on more shaded, less xerothermic habitats than C. aurantia, but occasionally both species occur side-by-side. D i s t r i b u t i o n i n t h e C z e c h R e p u b l i c . It is restricted to two larger xerothermic limestone areas (Fig. 2) : the Pavlovské vrchy Hills (with one new, related locality on soft limestone at Sedlec) in South Moravia (Kovář 1908 , Podpěra 1928 , Suza 1925 , all as C. / G. aurantia) and the Bohemian Karst in central Bohemia (Servít 1911 as C. callopisma, Servít 1930 as C. aurantia, C. heppiana and C. aurantia f. centrifuga, Suza 1943b as C. aurantia var. intermedia, Svoboda 2007 . In both areas C. flavescens is rather common in suitable habitats.
Suza's statements regarding occurrences of C. flavescens (as C. aurantia var. intermedia) in Podyjí (Suza 1933 (Suza , 1943b (Suza , 1947 , Stránská skála Hill at the periphery of Brno (Suza 1914 (Suza , 1925 (Suza , 1943b (Suza , 1947 and Čebínka Hill near Tišnov (Suza 1925 (Suza , 1943a (Suza , 1943b (Suza , 1947 are based on incorrect identifications and refer to C. aurantia.
Material used for detailed morphological investigations is in bold. The sample data are in their original wording on voucher labels or with small modifications.
AUSTRIA: U p p e r A u s t r i a - [Laakirchen] an Conglomeratfelsen beim Traunfall, 1887, leg. A. Zahlbruckner (PRC 23, sub Physcia Heppianum) .
BULGARIA: W e s t B u l g a r i a -Dragoman, Petrov Karst, ad rupes calcareas, c. 900-1100 m, 1923, leg. J. Suza (PRM 631168, sub C. aurantia) .
DISCUSSION
M o r p h o l o g y a n d a n a t o m y. The basic morphology of C. aurantia and C. flavescens is described in e. g. Alon and Galun (1971) , Clauzade and Roux (1985) , Khodosovtsev et al. (2004 ), Nordin (1972 ), Verseghy (1970 , 1971 , Wade (1965), Wasser and Nevo (2005) , Wetmore and Kärnefelt (1998) and Wirth (1995) , but the diagnostic value of the characters has never been tested. Therefore, this study tries to pin-point diagnostic characters of the treated species. Data from our morphological investigations along with literature data (see Tab. 1 for quantitative characters) show the main differences in shape and colour of lobes and thallus, structure and thickness of cortex, and ascospore shape. However, the intraspecific variability in some characters, such as colour and lobe shapes, has resulted in descriptions of many varieties and forms in both species in the past.
The presence vs. absence of a crystalline layer in the cortex seems to be the most reliable character distinguishing C. aurantia and C. flavescens, because colouring and thallus morphology of some untypical specimens can be confusing. The presence of crystals as a crucial character is missing from some publications (Alon and Galun 1971; Laundon 1984 Laundon , 1992 Nordin 1972; Wade 1965; Wasser and Nevo 2005; Wetmore and Kärnefelt 1998) , but noted in others (Clauzade and Roux 1985; Khodosovtsev et al. 2004; Poelt 1954 Poelt , 1969 Verseghy 1971 Verseghy , 1972 Wirth 1995) . The thickness of the cortex is another useful diagnostic feature as described here for the first time.
As Verseghy (1971) already pointed out, ascospores in C. flavescens are on average slightly narrower and longer with more pointed apices than in C. aurantia, but since the variations in ascospore shape considerably overlap in both species (Tab. 1), this is not a reliable character.
N o m e n c l a t u r e . The nomenclature of C. aurantia and C. flavescens has undergone an intricate and somewhat confusing development since the 18th century. This matter will be treated in detail in another publication and only the circumstances concerning the Czech Republic are mentioned here. In the Czech literature (cf. Vězda and Liška 1999, Servít 1930 ) various names have been used for these species. C. aurantia has been named by its younger synonym Caloplaca / Gasparrinia callopisma. C. flavescens has been named as C. heppiana, C. aurantia var. intermedia and C. aurantia f. centrifuga. The last name was only used by Servít (1930: 45) and C. heppiana by Servít (1930: 8) ; these names are not included in the Catalogue of Lichens of the Czech Republic (Vězda and Liška 1999) . The name C. aurantia var. intermedia was used by Suza for Bohemian populations of C. flavescens, but also incorrectly for some morphotypes of C. aurantia from Moravia.
Herbarium specimens of C. flavescens collected in the first half of the 20th century by some Czech authors (Kovář, Podpěra, Servít, Suza) were incorrectly named C. aurantia (Pers.) Hellb., C. aurantia (Pers.) J. Steiner and Gasparrinia aurantia. This confusion was caused by an incorrect concept of the name C. (G.) aurantia as an older and favoured synonym for C. heppiana or C. sympagea (= C. flavescens) established by some mainly central-European authors from the 19th to the middle of the 20th century (e. g. Steiner 1896 Steiner , 1919 Sydow 1887; Zahlbruckner 1931) .
These nomenclatural difficulties and confusions probably resulted in the omission of C. flavescens in Vězda and Liška (1999) and incorrect allocations of some references to C. aurantia. The name C. flavescens was published for the first time from the Czech Republic by Svoboda (2007). D i s t r i b u t i o n . C. aurantia occurs in subtropical and temperate zones of the Old World, but recently, it was surprisingly reported from Argentina (Calvelo and Liberatore 2002) . Its occurrence in North America mentioned by some authors (Esslinger and Egan 1995 , Laundon 1992 , Nimis 1993 ) was denied by Wetmore and Kärnefelt (1998) . C. flavescens shows a similar distribution pattern to C. aurantia, but extends to higher altitudes and higher latitudes (up to south-ern Scandinavia). In the Czech Republic, Moravian occurrences of both species probably represent extensions of their continuous ranges in the Eastern Alps, Carpathians and Pannonia. Somewhat striking is the absence of C. flavescens at the three localities of C. aurantia at the rim of south-Moravian xerothermic region. Both species are missing in the Moravian Karst where apparently favourable niches exist. The populations of C. flavescens in the Bohemian Karst, Central Bohemia, may be related either to its distribution in Germany or Moravia. However, C. aurantia is absent there, although it occurs in higher latitudes, e. g. in Germany and Poland (Fałtynowicz 2003 , Scholz 2000 .
